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Abstract 

We have conducted three tests of a new pulsed power device called the Full Function 

Test (FFT). These tests represented the culmination of an effort to establish a high energy 

pulsed power capability based on high explosive pulsed power (HEPP) technology. This 

involved an extensive computational modeling, engineering, fabrication, and fielding 

effort. The experiments were highly successful and a new US record for magnetic energy 

was obtained.  

 

The FFT device is a HEPP generator capable of delivering many tens of Mega-Joules 

(MJ) of energy and hundreds of Mega-Amperes (MA) of current to inductive loads. 

Invented by Andre Sakharov
1,2 

 (and independently by several others including Shearer
3
 

and Fowler
4
) in the 1950’s,  HEPP devices have been used to reach energy and current 

outputs unobtainable by conventional capacitor bank systems. The FFT is a two-stage 

magnetic flux compression system consisting of a helical generator coupled to a coaxial 
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generator (Figure 1).  The first stage is the Advanced Helical Generator
5
 (AHG) which 

operates by expanding a metal armature onto a helical coil stator.  Placed inside the 

generator is an explosive system consisting of a cylindrical high explosive (HE) rod 

initiated at one end. As the aluminum cylinder expands, it makes a rotating contact with 

helical coil that moves from one end of the generator to the other. This motion pushes 

flux out of the coil and into the subsequent stage. The second stage is the coaxial 

generator
3
 (COAX) that operates by imploding a cylindrical armature onto a contoured 

stator. This contour is designed to accept the stator at a small phasing angle which rapidly 

sweeps flux into the load (Figure 2). The explosive system for this stage is a cylindrical 

shell of HE initiated with a ring of detonators. The total HE weight of the entire device is 

900 lbs and it measures over 10 feet in length. 

During the experiment, the device is seeded with a small capacitor bank that 

provides the initial flux. As the armatures expand (helical stage) and implode (coax stage) 

during the explosive process, inductance is rapidly reduced. To conserve flux ( LI ) 

the current correspondingly rises with decreasing inductance. Flux is transferred to the 

load as current is amplified nearly a thousand times. The output current is delivered to the 

load via a low inductance (5.4 nH) gas-to-vacuum insulator interface designed to 

withstand a voltage of up to 200 kV (Figure 3). The insulator is an angular design to 

manage electrical fields at the triple point junctions and prevent electrical breakdown in 

the presence of UV radiation
6,7

. 

The experiments were conducted at the Big Explosives Experimental Facility 

(BEEF) at the Nevada Test Site (Figure 4). A 1.3 mF capacitor developed the initial 

generator flux by delivering 110 kA over 300 s. At peak capacitor current the helical 
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generator was crow barred by the action of the explosive armature making contact with 

two wedge-shaped conductors that connect to the helical coil. At this point the AHG has 

approximately 27 H of inductance and 3.0 Webers of flux. During the AHG operation, 

current is amplified to 17 MA with characteristic e-folding time of 20 s. At the end of 

the AHG operation the COAX generator is crow barred by the imploding armature 

making first contact with the stator. At crow bar time the inductance of the COAX is 

approximately 85 nH.  During the COAX operation phase, the current is amplified into 

the load region with a final e-folding time of 8 s. The FFT 2, FFT 3, and FFT 4 peak 

currents were 98, 98, and 74 MA, respectively (Figure 5)
†
. Current was measured using 

inductive Bdot probes and Faraday rotation optical fiber probes placed in the load region. 

It should be noted that FFT4 achieved lower peak current as it had a dynamic load 

designed to operate earlier in the final current amplification phase. 

Flux was fully transferred across the gas-to-vacuum insulator interface. The 

power and energy delivered to the load were calculated with the following relations for 

flux ( GEN ), voltage ( LOADV  ), power ( LOADP ), and total electrical energy ( TOTE ). 

dtPE

IVP

IRV

IL

LOADTOT

LOADLOAD

GENGENLOAD

GENGEN



  

                                                 
†
 FFT1 was a test of the COAX generator with a smaller (10 MA) two-stage helical generator. It achieved a 

peak current of 67 MA. 
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LGEN and RGEN, the generator inductance and resistance, respectively, were computed 

using a magnetohydrodynamic code.  Current I is the measured value from the 

experiment. Current, power and energy for FFT experiments are summarized in Table 1. 

The highest energy of the series was obtained on FFT 2 which delivered 66 MJ with a 

peak power of 10 TW.  

These HEPP results for energy and power exceed those of previous U.S. 

experiments
3
 and are near the Russian record achieved by A.I. Pavlovski in 1967 (100 

MJ, 10 TW)
8,9

. Future FFT experiments will be used to explore high energy density 

physics. 
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Verdon. The authors would also like to acknowledge program manager Scott McAllister. 
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Figure and Table Captions 

Figure 1: FFT assembly consisting of Advanced Helical Generator and COAX generator. 

Figure 2: Two-dimensional magnetohydrodynamic calculation of the imploding COAX 

generator.  

Figure 3: The experimental apparatus at BEEF before the shot. 

 

Figure 4: Gas-to-vacuum powerflow section.  

Figure 5: Current waveforms as reported by integrated B-dot probes for the FFT 

experiments. 

 

Table 1: Summary of peak current (I), power (P), and total electrical energy (E) for the 

FFT experiments. 
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Figure 5 
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Experiment I (MA) P (TW) E (MJ) 

FFT2 98 8 60 

FFT3 98 10 66 

FFT4 74 13 40 

 
Table 1 


